IMPORTANCE Patients' previous experience with performance-based cognitive tests in clinical trials for cognitive impairment associated with schizophrenia can create practice-related improvements. Placebo-controlled trials for cognitive impairment associated with schizophrenia are at risk for these practice effects, which can be difficult to distinguish from placebo effects.
C ognitive impairment associated with schizophrenia is severe and a primary cause of poor functional outcomes. Extensive resources have been devoted to developing pharmacologic, [1] [2] [3] [4] [5] [6] psychosocial, 7,8 and cognitive remediation 9-13 treatments to reduce cognitive and functional impairment in patients with schizophrenia. To our knowledge, no treatments to date have had sufficient benefit to warrant regulatory approval. Because there are no effective medical treatments for cognitive impairment associated with schizophrenia, it is challenging to determine whether the lack of success of previous treatment development programs has been due to inadequacies of the treatments being tested or to weaknesses in the methods used.
Cognitive enhancement studies have typically used a regulatory pathway that was developed during the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative. 14, 15 Central to this method has been the assessment of cognition with a set of performance-based tests referred to as the MATRICS Consensus Cognitive Battery (MCCB), [16] [17] [18] which was selected on the basis of several criteria, including usefulness as a repeated measure, defined as high test-retest reliability combined with minimal practice effects. However, the MCCB validation study used a single testretest assessment, 17 which does not reflect the complexity of standard clinical trials that have more than 2 assessments performed with the MCCB 1,2,19,20 and multiple treatment conditions. [1] [2] [3] [4] Patients with schizophrenia manifest consistent cognitive performance over time with a variety of different tests 17, 21, 22 and may generate practice effects when they are reassessed. 21 However, most clinical trials have used parallel group designs with a placebo control; thus, it is difficult to determine if improved performance over time in patients receiving placebo is due to simple learning or practice effects or to the expectation bias inherent in a placebo-controlled design. A comparison of the improvement in patients receiving placebo with those who were aware that they were not receiving any treatment would help to determine if expectation bias increases the known improvement due to practice effects.
Regardless of their source, improvements on cognitive tests in patients receiving placebo may be so large that treatment effects are impossible to detect. The opposite speculation has equivalent face validity and has been supported by single studies 1, 19, 20 ; if an individual is familiar with being assessed and with the assessment materials, additional assessments are less likely to lead to gains in performance based solely on test exposure. Furthermore, the magnitude of expected practice and placebo response of the MCCB, which is used in most large multisite clinical trials for cognitive impairment associated with schizophrenia, is unknown. Finally, while certain patients with schizophrenia and depression who are receiving placebo demonstrate large symptom responses that can be anticipated based on their baseline characteristics, 23 it has not been determined if patients receiving placebo who respond in schizophrenia cognition trials can be similarly identified.
There are clear implications in these questions for the interpretation of previous results and the design of future clinical trials. If individual differences among patients, including differences in their performance change from screening to baseline, are associated with postbaseline retest changes, these measures could be used as factors to be considered in statistical analysis or in patient randomization and stratification.
In this study, we merged data from 12 separate clinical trials, [1] [2] [3] 20 ,24-29 including 813 patients who were randomized to receive placebo during the course of a double-blind pharmacologic intervention study, and investigated the characteristics of retest-associated improvements in performance on the MCCB. We compared prerandomization improvements with postrandomization improvements in patients receiving placebo, and we assessed the effect of a number of measures on the magnitude of postbaseline improvement, including the number of retest assessments, the spacing of the retest assessments, the time elapsed since baseline while receiving placebo, and the number of treatment arms of the study. Finally, we examined a variety of patient demographic and clinical characteristics to determine if they are associated with cognitive placebo response.
and the number of MCCB assessments performed. Each clinical trial was approved by central and/or local institutional review boards, and all study participants provided written informed consent. Thirty-one patients had 1 or more missing MCCB domain values at the baseline visit, resulting in 782 patients with a cognitive composite score derived from all 7 MCCB domains at baseline. Three patients did not have at least 1 follow-up score, resulting in a final sample size of 779. An additional 54 patients had test results missing in a domain that had additional tests, so a domain score was able to be calculated. For all of the trials, patients were treated with a stable dose of antipsychotic medication, and most patients were receiving only 1 antipsychotic. The mean (SD) MCCB cognitive composite score at first assessment was 27.2 (12.78), consistent with similarly timed assessment scores from a larger data set of more than 4000 patients. 31 This score reflects performance that is more than 2 SDs below normative standards. An improvement of 1 point on the MCCB cognitive composite score reflects a 0.1-SD improvement in normative scores, which means that the patients were a mean (SD) 23.0 (2.3) points below the normative population mean and at least a mean (SD) of 73.0 (7.3) points below a maximum score on the MCCB composite.
MCCB Assessments
The MCCB subtests are organized into the following 7 domains: (1) Speed 
Statistical Analysis
Data were combined from the intent-to-treat populations of 12 MCCB clinical trials. Visit schedules varied considerably among the studies, ranging from 2 to 6 MCCB assessments (1-4 postbaseline reassessments) during a period of 4 to 24 weeks. Change from baseline in the MCCB cognitive composite score was investigated using a basic linear mixed model for repeated measures, controlling for baseline value and week of assessment nested within a random study effect. The ability of patient-level and study-level variables to estimate the magnitude of the placebo effect was analyzed with separate mixed models for each predictor. Change in MCCB composite score between screening and baseline ("pure" practice effect) was compared between studies with analysis of covariance adjusting for the screening value. This analysis included the 7 studies 2,3,24-26 (n = 558) that administered the MCCB prior to and again at patients' baseline assessment, during a period in which patients knew that they were not receiving treatment.
P < .05 was considered significant. Complete information on the statistical plan is in the eAppendix in the Supplement.
Results
The mean MCCB composite score at baseline was 22.8 points below the normative mean (Table) . Figure 1 describes the mean MCCB cognitive composite score over time in all 12 studies. The full 56-week data for 3 studies are available in the eFigure in the Supplement. The overall mean (SEM) change in the MCCB cognitive composite during receipt of placebo, after adjusting for baseline score, week of assessment, and study, was 1.8 (0.2) T-score points (95% CI, 1.40-2.18), with a range across studies of 0.6 to 3.3 points ( Figure 2 ). 1-3,20,24-29 The effects of baseline score (F 1,642 = 7.52), week of assessment (F 11,181 = 3.43), and study (F 11,184 = 2.82) were all statistically significant (P < .01). Mean (SEM) change in scores for the 10 subtests comprising the Least squares mean change, 95% CIs, sample size, and number of postbaseline visits are presented for each study and overall. Individual study results are from separate mixed-effects repeated measures models of the change from baseline through week 24, with a fixed categorical effect for visit and a continuous fixed covariate for the baseline score, assuming an unstructured covariance matrix. In the overall model, visit was nested within a random study effect.
MCCB were all small, ranging from 0.2 (0.3) (MSCEIT managing emotions) to 2.2 (0.3) (Trail Making A) T-score points (eTable 2 in the Supplement).
Prerandomization Practice Effects
Seven of the studies had a prebaseline screening assessment (n = 558).
2,3,24-26 The changes from screening to baseline assessment for the cognitive composite score varied from 0.7 to 3.1 MCCB T-score points (mean [SEM], 2.2 [0.25] T-score points). The analysis of covariance for the practice effects found a significant effect of retesting (F 1,502 = 10.98; P = .001). The effect of the study was nonsignificant (F 6,502 =1. 69;P = .12), indicating that the retest effects were not significantly different across studies.
Postbaseline Changes in Patients Receiving Placebo
To examine the effects of a prebaseline screening assessment on postbaseline placebo effects, the postbaseline changes in the 7 studies 2,3,24-26 with a screening assessment were compared with the changes for the 5 studies 1,20,27-29 without such an assessment. When a dichotomous variable indicating the presence or absence of a screening MCCB assessment was added to the model as a covariate for the postbaseline analyses, its effect was not statistically significant (F 1,695 =1. 64;P = .20), indicating that performing prebaseline screening assessments was not associated with differences in postbaseline changes while the patients were receiving placebo. We also explored the association between post baseline changes and the numbers of weeks and assessments that had occurred since baseline, adjusting for baseline scores and whether the study had a screening visit. The effect of time since baseline was statistically significant (F 1,507 = 15.28; P < .001), as was the number of retest assessments (F 1,463 = 16.39; P < .001). A screening visit did not exert a statistically significant influence on postbaseline change (F 1,649 = 3.03; P = .08). The mean (SEM) change in MCCB composite scores per week, after controlling for the other factors, was 0.08 (0.02) T-score points per week of placebo exposure and 0.73 (0.18) T-score points per follow-up assessment. The increases by assessment were 1.2 MCCB T-score points for 1 postbaseline assessments, 1.9 points for 2 postbaseline assessments, 2.2 points for 3 postbaseline assessments, and 3.6 points for 4 postbaseline assessments. Thus, the points gained per retest assessment during receipt of placebo generally decreased with an increased number of assessments, and the retesting effects were larger than the effects of time of placebo exposure alone.
Factors Associated With Placebo Response
The following variables were associated with placebo response: the Negative Symptoms Assessment motivation factor score (F 1,272 =4 . 6 3 ;P = .03), the PANSS Depression/ Anxiety Marder Factor score (F 1,438 = 5.41; P = .02), the practice effect between screening and baseline MCCB (F 1,421 = 59.32; P < .001), 4 vs 3 treatment groups (F 1,652 = 5.14; P = .02), and the study sample size (F 1,725 =4. 65;P = .03). A larger placebo response was associated with more motivation, greater depression/anxiety, lower prebaseline practice effects, 4 vs 3 treatment groups, and a larger study sample.
Given the robustness of the screening to baseline MCCB composite score change as a factor associated with response, we further investigated the effect of classifying patients into the following 3 groups based on the magnitude of the change in their screening to baseline practice effect: negative (≤−5-point change), small or neutral (>−5-to 5-point change), and positive (>5-point change). As demonstrated in 
Discussion
The data from this study were generated from the placebo condition in 12 separate randomized, placebo-controlled clinical trials using the MCCB as the primary end point to 
>5-Point change
Least squares mean change from baseline through week 24 is plotted by level of practice effect as calculated by the T-score change in the cognitive composite from screening to baseline. Results are from a mixed-effect repeated measures model with a continuous fixed covariate for the baseline score and a categorical effect for visit nested within a random study effect, assuming an unstructured covariance matrix. This analysis was limited to the 7 studies 2,3,24-26 that assessed cognition at screening (N = 558) and revealed a significantly increasing placebo effect with decreased practice effect between screening and baseline (P < .001 overall and for all pairwise comparisons). Patients were classified into 3 groups based on the magnitude of the change in their screening to baseline practice effect: negative (change of Յ-5 points), small or neutral (change of >-5 to 5 points), and positive (>5-point change). Forty-two patients without composite scores at screening, baseline, and at least 1 follow-up were excluded from the analysis (n = 516). Test for practice effect-by-week interaction was nonsignificant (P =.67).
Placebo Response and Practice Effects in Schizophrenia Cognition Trials
Original Investigation Research jamapsychiatry.com (Reprinted) JAMA Psychiatry August 2017 Volume 74, Number 8 811 assess response to treatment with a pharmacologic intervention in patients with schizophrenia. The mean amount of total improvement during treatment in patients receiving placebo was approximately 2 T-score points on the MCCB composite score, consistent with a Cohen d effect size of 0.18, which is slightly smaller than the Cohen definition of small. 37 The amount of change due to the practice effect from prebaseline to baseline was almost identical to the mean amount of change reported in placebo conditions. Studies using a prebaseline assessment did not have smaller postbaseline placebo treatment effects than did studies with the first MCCB assessment at baseline. The size of the placebo effect was more influenced by the number of postbaseline retest assessments than by the duration of placebo treatment, with the number of reassessments associated with an increase in scores. Key additional factors associated with the magnitude of placebo response in these trials included smaller improvement from prebaseline to baseline assessment with the MCCB, less severe negative symptoms, more severe depression/anxiety symptoms, 4 vs 3 treatment groups in the trial, and larger sample size.
There are several important implications of these findings. The most obvious conclusion from these data is that the concept of a substantial placebo effect in schizophrenia clinical trials using the MCCB-one that may obscure the detection of meaningful clinical change-is clearly not substantiated. The data in this report suggest that cognitive performance assessed with the MCCB is 2.28 SDs below the mean of the healthy general population at baseline. Thus, the 0.18-SD change reported with placebo is exceeded by the size of the baseline cognitive impairment in patients with schizophrenia by a factor of 12. This amount of postbaseline improvement is almost identical to the amount of prebaseline improvement in these trials and is consistent with the amount of prebaseline improvement reported in a larger sample of 1814 patients from 10 trials. 31 Thus, the amount of improvement in the placebo group in cognition clinical trials is consistent with the expected amount of improvement due to learning effects and is small enough to be easily overwhelmed by a legitimate treatment effect. The notion that this magnitude of retest improvement accounts for the negative results in previous cognitive enhancement trials seems unlikely. For the cognitive changes associated with a pharmacologic agent to be of real benefit to patients with schizophrenia, they must exceed the small learning effect represented in the placebo condition in these trials, which is also a part of the cognitive response in patients receiving active treatment. This amount of improvement with placebo in performancebased cognitive assessments is clearly less than that seen in clinical trials across different neuropsychiatric conditions, including symptom rating scales such as the PANSS and the Hamilton Depression Rating Scale. 23 Because the amount of cognitive improvement in patients with cognitive impairment associated with schizophrenia receiving placebo is almost identical to the learning effects that are seen prior to baseline, the increases are almost certainly due to practice, comfort, or learning effects and not to the expectation biases that can have a tremendous effect on rating scales.
Our results can be interpreted to provide recommendations regarding the strategy of testing patients once prior to baseline to expose them to the testing process or to minimize a learning effect. A simple analysis comparing patients who were tested prior to baseline with patients who were not suggests that they had similar improvements in placebo conditions and that this strategy does not systematically lead to reduced postbaseline changes. Also, a larger number of assessments after baseline was associated with slightly larger MCCB improvements, although the magnitude of between-assessment improvement may diminish as the number of postbaseline assessments increases.
These results have implications for study design. First, researchers will need to weigh the value of additional assessments during clinical trials against the potential for an additional learning effect in patients receiving placebo and active treatment, although this effect is small. Second, important information may be gained from a prebaseline assessment. Patients whose cognitive performance worsened from screening to baseline had the largest placebo effect, and those with the largest improvements from screening to baseline had no placebo effect at all. These results, consistent with the principle of regression to the mean, suggest that, for schizophrenia cognition studies, the concept of eliminating "placebo responders" who would then go on to have large placebo effects during a trial 38, 39 is not a viable approach. However, a screening assessment may produce information that can facilitate study design, such as stratification of patients based on potential placebo effects. It may also allow statistical approaches that adjust for screening values (along with the customary baseline values) in the primary efficacy model as a method for reducing the noise associated with large fluctuations in patients who may have had exceptionally good or bad days at the baseline visit. Preliminary analyses using this method suggest that it may increase precision of assessing treatment effects in cognitive treatment trials. 40 Other individual difference characteristics found in our analyses to be associated with placebo group improvements, including more severe depression/ anxiety and more motivation, could be combined with prebaseline changes to equalize factors that appear to increase the placebo response.
The present results raise a more general question of whether cognitive impairments measured by neuropsychological tests are indeed mutable with pharmacologic intervention in schizophrenia, and whether other measures of brain function are better candidates to serve this purpose. First, neuropsychological tests have demonstrated sensitivity to changes under a variety of different conditions in schizophrenia. They are highly sensitive to the effects of alcohol, 41 
Conclusions
In 12 double-blind, placebo-controlled, clinical trials for cognitive impairment associated with schizophrenia, the magnitude of placebo effects on the MCCB was small and not different from the retesting effects during the pretreatment screening period when patients knew that they were not receiving treatment. The magnitude of the placebo effect was not large enough to obscure a treatment effect with a small to medium effect size. There are patient and study characteristics that have a modest influence on postbaseline retest changes, and the number of reassessments is minimally associated with changes in performance on the MCCB. 
eAppendix. Additional Statistical Analysis
Data were combined from the intent to treat populations of 12 MCCB clinical trials. Visit schedules varied considerably among the studies, ranging from 2 to 6 MCCB assessments (i.e., 1 to 4 post baseline reassessments) over a period of 4 to 56 weeks. Change from baseline in the MCCB cognitive composite score was investigated using a basic linear mixed model for repeated measures (MMRM), controlling for baseline value and week of assessment nested within a random study effect. Three of the 782 subjects with a cognitive composite score at baseline did not have at least one follow up score, resulting in a sample size of 779 for the MMRM analyses. Further reductions in sample size occurred for analyses conducted on potential patient level predictors of placebo response which were not collected in all 12 studies. The Kenward Rogers correction to degrees of freedom was applied and an unstructured covariance matrix was utilized. Follow up was truncated to 24 weeks in the MMRM models in order to maximize sample size and model fit. Further, this is the trial duration that was recommended in the MATRICS consensus statements. The full 56 week data for 3 studies are available in Supplemental Figure 1 .
First, we estimated the change in the MCCB cognitive composite for the placebo patients, both overall and by study, using the basic MMRM model with the addition of a study effect. Next, the ability of patient level variables to predict the magnitude of the placebo effect was analyzed for all demographic variables, baseline characteristics and symptoms individually with separate MMRM models, comprised of the basic model and the predictor of interest. Study level predictors including number of treatment groups, sample size, inclusion of a screening visit prior to the baseline assessment randomization, and number of MCCB assessments and the number of weeks between assessments were explored in a similar manner, with the exception that week was no longer nested within study effect. Finally, the change in MCCB composite between screening and baseline ("pure" practice effect) was compared between studies with analysis of covariance (ANCOVA) adjusting for the screening value. This analysis included the 7 studies (N=558) that administered the MCCB prior to and again at their baseline assessment, during a period where subjects knew that they were not receiving treatment.
All statistical tests are two sided with =0.05, and multiple comparison techniques were not employed. Statistical analyses were performed using SAS software (SAS Institute, Cary, NC, USA), Version 9.4 of the SAS System for Windows. 
